CIMT was significantly higher in stroke cases than in agematched controls across all age groups. Right CIMT, along with the history of hypertension (HTN; OR 2.3), are important risk factors for ischemic stroke in the younger age group (20-40 years). With increasing age along with the history of HTN and right CIMT (OR >7), presence of plaque (OR 6.3) and daily smoking (OR 5.1) are also significant risk factors. CIMT is significantly related to the daily alcohol and smoking intake and the presence of plaques. Right CIMT is positively related to increasing age in normal population ( R 2 = 0.041; p < 0.001). Conclusions: Right CIMT and comorbid HTN are significant risk factors associated with the development of ischemic stroke across all adult age groups.
cardiovascular diseases [2] . The progression of carotid intima-media thickness (CIMT) is a marker of early vascular wall damage, appearing in the process of atherosclerosis [3] .
CIMT is safe, reliable, and inexpensively measured. It has recently been seen as a strong predictor of future vascular events such as myocardial infarction and stroke [4] and to evaluate the success of anti-lipidemic drug intervention [5] . More recently, it has been utilized in epidemiologic studies to detect subclinical vascular disease and assess its relation to cardiovascular disease (CVD) risk factors and stroke [6] [7] [8] . A positive association exists between CIMT and the risk of subsequent cardiovascular events including stroke, independent of all major risk factors, in Asian populations [9, 10] and in the western world [11] [12] [13] .
Case control studies for the assessment of risk factors of stroke in India is limited and done in smaller group of stroke patients [14] . At the moment, there is no consensus on the role of increased CIMT in the occurrence of ischemic stroke in adults across all age groups. In this study, we investigate the hypothesis that CIMT is associated with stroke development in adults across all age groups.
Methods
The case control study was done on 163 diagnosed cases of ischemic stroke based on CT and MRI findings, 163 age-matched control (±1 SD), and gender. The study period was between August 2012 and July 2013. The study was approved by the HIHT University Ethical Committee vide reference number HIHT/ PHARMA/E-1/2011/91, and confers to their guidelines. After taking written and informed consent of the patients (if unconscious: caregiver) and control volunteers, the data were collected by interview method. The data collected included demographic profile, prior history of atherosclerotic disease, diabetes, HTN, and history of smoking and alcohol. Patients with stroke of more than 2 weeks, patients on hypolipedemic drugs for more than 1 year, and peripheral vascular disease were excluded. Electrocardiography was done to quantify the cardiac function. Carotid vascular Doppler was performed for vascular correlates IMT from both the carotids. Other investigation performed was total serum cholesterol. The control group was also investigated for similar tests.
Carotid Measurements
The CIMT measurements were made using Doppler with a 0.75 MHz linear superficial probe in B-mode. All readings were taken and interpreted by the same investigator. The point of measurement was taken 1 cm proximal to the carotid bulb at the site of maximum thickness, avoiding the plaque area. The ultrasound machine used had a sensitivity range of 0.1 mm, that is, each division was equivalent to 0.1 mm.
Other Investigations
The total serum cholesterol in inter-digestive period was measured in both cases and controls by NABL accredited reference laboratory of the hospital.
Statistical Analysis
All calculations were performed using SPSS software version 17. The demographic profile and CIMT with atherosclerotic risk factors of cases and controls were compared using unpaired t test if they passed the test of normality, else the Mann-Whitney test was used. CIMT across different age groups was compared among cases and controls using unpaired test. OR of various vascular risk factors including CIMT, HTN, DM, presence of plaque, smoking, and alcohol are calculated for the development of stroke. The presence of plaque and IMT in the right and left carotids are presented as frequency. The cases were analyzed for the IMT and its strength of relation to HTN, total cholesterol, daily smoking, daily alcohol, and presence of plaque using Spearman correlation. The level of significance was set at 0.05.
Results
The study was conducted on 163 patients, diagnosed cases of ischemic stroke (CT scan suggestive of non-hemorrhagic infarction). There were more number of males (78%) presenting with ischemic stroke as compared to females (22%). Thirty-two percent of ischemic stroke cases were having a H/O HTN. This was followed by those having DM with HTN (21.5%) and 14/163 had a H/O earlier stroke. More than 50% of ischemic stroke patients were daily smokers ( Table 1 a).
The cases had the mean value of right CIMT higher than the age-matched controls (0.77 ± 0.36 vs. 0.56 ± 0.13 mm), and the difference was highly significant ( p < 0.0001). Statistically significant difference was also observed when groups were analyzed with risk factors such as HTN and smoking. When the left CIMT value was compared, the case group was found to have higher values (0.73 ± 0.29 mm) compared to controls 0.57 ± 0.14 mm ( p < 0.001). This difference was also present when groups were analyzed with risk factors such as HTN, diabetes, and smoking. The difference was found to be statistically significant ( Table 1 b) .
When CIMT was compared among different age groups (20-40; >40-<60; >60 years), the cases had a significantly higher value than age-matched controls ( p < 0.05; p < 0.01; p < 0.001; Table 2 ).
In the absence of a well-defined population cut-off value for CIMT, we used control mean IMT plus 2 SDs for each of the age groups [14] . The age group-specific cutoff IMT value thus calculated was 0.71 mm for 20-40 years; 0.74 mm for >40-<60 years, and 0.82 mm for >60 Values are mean ± SD; p < 0.05 is significant; t test. years. Such a value would include 95% of age-specific controls. It gave an average specificity of >90%, with a sensitivity of 35%. The positive predictive value was 87%, and the negative predictive value was 60%.
The age-wise analysis of the left and right CIMT showed that the mean CIMT values increased from younger to older age groups. Comparing the mean IMT values with corresponding age-specific controls showed that the cases had a significantly higher value than controls, both with right and left carotid arteries. The frequency of subjects with more than age-specific IMT values were almost equally represented in both the right and left CIMT ( Table 2 ) .
Risk assessment for the development of stroke with atherosclerotic covariates shows that right CIMT and H/O HTN were important risk factors among the young population with the OR of developing stroke being ∼ 2.5 times the control. However, this was non-significant, may be due to the small size of the sample. With increase in the age (40-60 years), HTN becomes the most important risk factor (OR 6.9; p < 0.01) followed by CIMT and H/O plaques (OR 4.7; p < 0.05), and daily smoking (OR 3.7; p < 0.01) for the development of ischemic stroke. In older adults (>60 years), odds of developing ischemic stroke is increased with higher IMT (>0.82 mm) in the carotids and H/O HTN (OR >7) followed by H/O plaques and daily smoking ( p < 0.01) as compared to age-matched controls. Right CIMT and H/O HTN are significant risk factors associated with the development of ischemic stroke across all age groups ( Table 3 ) .
The presence of ischemic stroke was correlated with age, IMT of both the carotids, and presence of plaque. No significant correlation of WHR, presence of plaque, daily smoking, daily alcohol consumption and S T were observed. Cholesterol with IMT of both the carotids was observed in cases after controlling for age and BMI as duration and amount of consumption were not recorded. However, age was positively related and would explain 4% of the prediction ( R 2 = 0.041; p ≤ 0.001) of right CIMT in the control population ( Fig. 1 ).
Discussion
The current CVD risk stratification tools for the general population are focused on life time modifiable risk factors such as DM, HTN, and dyslipidemia, which in long term may contribute to atherosclerotic changes in arterial thickness [15] . CIMT is a surrogate marker for the early detection of atheromatous changes and is easily accessed by non-invasive B-mode ultrasound [16] . Consideration of both right and left carotids could improve the prediction by assuring the true presence of large parameters [17] .
In this study, both the carotids were measured for the IMT and were found to be significantly higher in cases (0.77 ± 0.36 and 0.73 ± 0.29 mm) than in controls (0.56 ± 0.13 and 0.57 ± 0.14 mm; p < 0.001), which persisted in different age groups. Difference between stroke cases and controls were also observed by Sahoo et al. [14] , who reported significantly higher mean CIMT (0.782 ± 0.19 mm) than in controls (0.594 ± 0.98 mm; p < 0.0001) but in south Indian population. Similar to our study, the difference persisted across all age groups. Mukherjee et al. [18] reported a significantly higher CIMT values among stroke cases as compared to controls, but the mean values were lower (0.66 vs. 0.32 mm) than our study; however, the sample size was small and the controls were not matched with the cases. Study by Cupini et al. [19] reported a mean value of CIMT (>1 mm), which was associated with the development of stroke as compared to 0.91 mm in controls; however, the study population was of more than 70 years of age and of different ethnicity. GENIC, a case control study had similar mean IMT values (0.79 mm) in stroke patients compared to our study. The basal characteristics of population were similar to our study, except the study was done on higher age group and only on hypertensive patients [10] .
Higher values of CIMT in stroke patients with DM, HTN, and smokers have been previously reported in Caucasian population [20] . Our study also reported a higher value of CIMT among stroke cases with the above co-morbidities, and the difference was statistically significant. Similar results were observed by Sahoo et al. [14] , where the difference was significant in the subgroup analysis by risk factors such as HTN, diabetes, and smoking between patients and controls. Study by Das et al. [21] on Asian Indian stroke cases demonstrated an increased IMT with grades of plaque in type II diabetic stroke patients, but in small population of cases of ischemic stroke with age-matched controls. Similar to our study, the CIMT was significantly higher in hypertensive patients and smokers. Study in eastern Indian tertiary care hospital by Saha et al. [22] in 50-60 years of age group also found a higher value of CIMT among ischemic stroke patients with diabetes in both left and right carotids as compared to controls, but the difference was not significant.
Several studies have reported a positive correlation of CIMT, cardiovascular risk and increased incidence of stroke among the western population [23, 24] . Risk assessment of vascular covariates among stroke cases showed that right CIMT, HTN, and smoking were strongly associated with the development of stroke across all age groups in Indian population. Present research showed a very interesting pattern of risk factor transition in age-wise analysis. Both right CIMT and HTN are important risk factors for the development of stroke among younger population with OR more than 2, although statistically non-significant, which may be due to the small number of subjects. With the increase in age, HTN (OR 6.9; p < 0.01) became the important risk factor followed by CIMT and presence of plaque (OR 4.7; p < 0.01). Daily smoking also shows more than 3 times risk of ischemic stroke as compared to age-and gender-matched controls. In older adults (>60 years), the risk increases to >5 times for the above risk factors. The analysis shows that with advancement of age, the risk of stroke due to increased right CIMT becomes less important and covariate such as HTN becomes a more important risk factor, while smoking becomes a contributor for the development of stroke in 4 decades, that is, more than 60 years.
Right CIMT is an important marker, especially for the young population, which may not have developed comorbid risk factors. CIMT (age-specific cut-off 0. of right side may be a significant risk factor for the development of ischemic stroke in Indian population. Crosssectional study by Salim Hasim in South East Asia also shows a strong association of CIMT (>1.0 mm) and stroke ( p = 0.008) in the Indonesian population [25] . A direct correlation exists because IMT is a marker of generalized atherosclerosis which plays an important role in the pathogenesis of cerebrovascular events such as stroke. Rotterdam elderly case control single center study in a subgroup of population of 55 years of age or older also showed an association between common CIMT and the risk of stroke [26] . The differences between their study and our study may be explained by the race of population, age group, limited number of subjects, and the methodology used. In our study, the presence of ischemic stroke was correlated with age, IMT of both the carotids, and presence of plaque but only right CIMT is positively related to increasing age in the normal population ( R 2 = 0.0412 * * ).
Our results extend their findings by showing that common CIMT has a strong correlation, with the incidence of stroke even in young age group. This implies that common CIMT may be used as a predictor of cerebrovascular events across all age groups in Indian population.
Limitations
It was a single-center study done in a tertiary care hospital. Since our study was not a prospective study, we could not calculate the hazard ratios for CIMT values.
